Aims: With overweight and obesity increasing worldwide, it has become ever more important to monitor the development and distribution of adiposity in children. This study investigated how the measurements of waist circumference (WC) and waist-to-height ratio (WHtR) in children 6-12 years old relate to earlier studies. Methods: In 2015, 2271 children (boys, n = 1150) were measured for height, weight, and WC. Parental education level was used as a measure of socioeconomic status. Results: A significant increase in WC with age was revealed for both sexes (p < .0001). Boys at 10 and 12 years had a larger WC than girls; otherwise no difference between sexes was found. The WHtR decreased with age for girls (p < .0001); 14% of the sample displayed a WHtR ≥ 0.50. Comparison with earlier studies showed a higher WC and WHtR despite no change in weight and body mass index. Conclusion: WC and WHtR are recommended as tools for identifying central obesity in children. The results indicate increased WC in 6-12-year-old children compared with earlier findings.
Introduction
Obesity and overweight are increasing globally and the World Health Organization (WHO) confirms in their 2015 and 2016 reports that childhood obesity is a growing global public health concern, with more than 43 million obese and overweight children between the ages of 5 and 11 year [1, 2] . Public health professionals across the globe have been on the lookout for effective strategies for predicting and determining obesity status among children. For all large-scale projects, measurement methods must be affordable, easy to administer, and reasonably accurate.
Body fat can be assessed with both tissue measurements and calculations from body dimensions. Body mass index (BMI) is a common calculation, although it does not measure body fat [3, 4] . Rohrer (1921) suggested using body mass divided by the cube of height to better account for differences in height, a measure he called the ponderal index (PI). Other indexes include the conicity index [5] , the A body shape index (ABSI) [6] , the body roundness index (BRI) [7] , the body adiposity index (BAI) [8] , and the visceral adiposity index (VAI) [9] . In addition, measurements of waist circumference (WC) [10] , waist-to-hip ratio (WHR) [11] , and waist-toheight ratio (WHtR) [12] have also found their use. They all, in various ways, try to compensate for the shortcomings of BMI. Bioelectrical impedance analysis (BIA) has also become more popular in recent years as it makes it easy to measure body composition, including body fat [13] . Until recently, BIA has been shown to produce variable results and has been regarded as a less accurate measure of body composition. New technology has improved BIA reliability, and it is now considered a valuable tool for measuring body composition [14] . Nevertheless, it cannot be considered a gold standard method, but rather a useful screening tool in large studies [15] .
BMI is conventionally used in many clinical settings as a predictor of mortality and morbidity from chronic health issues related to being overweight or obese, such as stroke and cardiovascular disease in adults, and type 2 diabetes in children [16] . There has been a rise in abdominal obesity, characterized by an excessive build-up of visceral and subcutaneous fat, among children between the ages of 5 and 15 years [17] . Because abdominal obesity leads to increased metabolic and cardiovascular risks, WC may be used as both a simple predictor of adverse physical health and other metabolic complications and a tool for estimating the severity of visceral fat [17] .
Recent research by Messen et al. [4] and Janssen et al. [9] has contradicted the traditional assumption that BMI represents a superior approach for predicting health risks associated with obesity, suggesting that WC is a better tool to predict the susceptibility of individuals to obesity-and overweight-related health issues [18, 19] . Increasing WC with age may suggest continuous deposition of fat, and may indicate increased chances that a child will have health issues in the future [11] . Hence, regardless of BMI, it is necessary to monitor WC to discover any excessive increase over time in a child population.
The preference for WC in most recent studies seems justified because fat distribution around a child's waist is a risk factor that also predicts predisposition to noninsulin-dependent diabetes mellitus [16] . WC is also favoured in large-scale public health projects for its reasonable accuracy, ease of administering, low cost, and higher predictive power, equal to the combined predictive efforts of BMI and WHtR [20] .
Cut-off points
There is some discrepancy regarding cut-off points for when an adult is overweight or obese. The WHO defines overweight as a WC between 94 and 102 cm for men and between 80 and 88 cm for women. Hence, WC above 102 cm and 88 cm for men and women, respectively, is defined as obesity [1]. However, Seidell et al. propose a WC threshold setting obesity and overweight among women as anything between 80 cm (moderate risk) and 88 cm (high risk) [21] . It is more difficult to establish a cut-off for children with predictive value for disease, mainly because many lifestyle-related diseases do not manifest until adulthood or old age. In addition, differences in developmental stages in different ethnicities and variance between cultures in what is considered acceptable body fat also hampers the establishment of global reference values. This has been shown in several studies, as different ethnic groups show significant differences in WC [22] [23] [24] . As a solution, waist circumference divided by height (WHtR) has been used as a sex-and age-independent variable, as the ratio should not exceed 0.5 [22] 
Socioeconomic status
Earlier studies have revealed differences in the incidence of diseases in general, including obesity, related to socioeconomic status (SES) [25] . SES refers to differences between populations according to their social, demographic, and geographical status [26] . In Norwegian adults, SES inequalities in health are more strongly associated with education level than with income [27] . Parental SES has also been shown to affect offspring, as children of parents with a high level of education have a lower incidence of health-related risk factors.
Aims
Despite the endorsement of WC and WHtR as two important tools for predicting health-related issues and assessing adiposity, these methods do not yet predominate in clinical and research settings. Therefore, a number of studies have attempted to explain the role and advantage of WC and WHtR in predicting predisposition to obesity-based metabolic issues and cardiovascular fitness. The aims of the present study are to present reference values for WC and WHtR in primary school children of 6-12 years old and compare the results with earlier studies.
Methods

Sample
As part of a large-scale longitudinal controlled intervention study called the Health Oriented Pedagogical Project (HOPP), parents of children aged 6-12 years from nine primary schools in South-East Norway received an invitation to participate. Further descriptions are given in the study protocol, including selection of schools and description of other physiological measures including strength, endurance, and blood pressure [28] . Of a total population of 2817 children, a sample of 2297 (82%) were allowed to complete the cross-sectional baseline tests in spring 2015. The total number of children of each age undergoing the different tests is listed in Table I . The study was conducted according to the Helsinki Declaration and approved by the Regional Committee for Medical Research Ethics and the Norwegian Social Science Data Service (2014/2064/REK south-east).
Anthropometric measurements
All participants were tested non-fasting during school hours. Body height was measured, without shoes, using an SECA 213 stadiometer (SECA gmbH, Hamburg, germany). Body mass, including percent fat, was measured barefoot, in light clothing, using a Tanita MC-980MA BIA electronic scale (Tanita Corporation, Tokyo, Japan). To compensate for the weight of clothes, 0.4 kg was subtracted from the total weight. Based on body mass and height, the BMI was calculated [29] . WC was measured to the nearest 0.5 cm with an anthropometric non-elastic measuring tape, after normal expiration, at the level of the umbilicus (WHO method). In addition, WHtR was calculated by dividing waist circumference (cm) by height (cm).
SES
As SES in Norway is mainly related to education, parental education -divided into primary school, high school, bachelor's degree, and master's degree or higher -was determined using a questionnaire [28] . In the present study, the highest level of education reported for both parents were used.
Statistics
Variables of interest are described using mean and SD. Any differences between groups are explained using parametric or non-parametric tests depending on normal distribution. Data defined by more than two categories were tested using ANOVA or a Kruskal-Wallis test depending on distribution. Pearson r or Spearman's rho were used, depending on distribution, to test for correlation between variables. To estimate the association between different variables believed to affect WC, a linear regression model was conducted using SPSS 21 (Statistical Package for the Social Sciences, IBM, Armonk, NY, USA). Using WC as dependent variable, the independent variables were sex, age, systolic and diastolic blood pressure, strength, Andersen test, BMI, percent fat, and mother and father's education level. In addition, the nominal variable schools (dummy coding) was included as a moderator to check for cluster effects. A p value ≤ .05 is considered statistically significant.
Results
As all variables showed normal distribution, mean values and SD of weight, height, and BMI for all age groups and both sexes are revealed in Table I . Showing increasing values with age, a significant difference (p < .0001) was found across age groups for all variables. Height in 8 and 9-year-old children, as well as weight and BMI in 10-year-olds showed significantly higher values for boys. Eleven-year-olds revealed higher BMI for girls. No other differences between sexes were found.
In Table II , mean values for WC display a significantly widening with age (p < .0001). Boys at ages 10 and 12 years displayed a larger WC than girls; otherwise, no difference between sexes was found. Table  III shows WHtR declining with age for girls (p < .0001), perhaps caused by a limited number of participants in 12-year-olds. Furthermore, WHtR display differences at 6 years with higher values for girls, whereas in 10-and 12-year-olds, boys showed the highest value. In addition, the results show that 14% of the children have a WHtR ≥ 0.50, with 9% having a WHtR > 0.50. large differences were found between sexes regarding percent fat, with significantly higher values for girls (p < .001) at all ages (Figure 1) . However, there were few disparities with regard to WC. 
SES and WHtR
Using the highest educational level in each family as an independent variable, children's WHtR displayed a significant decrease with higher parental education level (p < .0001) (Figure 2) . The large SD observed for the primary school category is probably due to a limited response rate (n = 43). The main differences are between children with parents with primary/high school education and those with parents with a bachelor's degree (p < .0001), and also between children whose parents have bachelor's degree and master's degree (p < .0001).
National results
A study by [30] .
Comparing these results with the present data, weight appears unchanged for both sexes at all ages. The values for BMI are reduced in girls in some age groups, although they seem not to have changed for boys ( Figure 3 ). Slightly higher values were found for height in girls in 2015 (Table I) . Significantly higher values for WC across the age span were found for both boys (p < .0001) and girls (p < .0001). For WHtR, a decrease across age was revealed in girls (p < .0001); however, not for boys (p = .076).
Discussion
Methods
BMI is widely used to estimate adiposity; however, it measures surplus weight relative to height, and not body fat. In addition, adipose is not evenly distributed on the body, a fact which BMI is unable to detect, and some locations are more closely associated with health-related risk factors than others [31] . Recent studies propose central obesity measurement (WC or WHtR) as an equally good or better predictor of non-commensurable diseases as overall adiposity using BMI [32, 33] . Freedman et al. have shown a similar relation between lipids and central obesity in children [34] . The present study outlines the simplicity of using WC as a measure of fat distribution, and, hence, as a predictor of children's health. Mehta et al. discovered a significant rise in cardiovascular risk factors as the values of WC increased for both male and female subjects [35] . This is in agreement with the current results, reinforcing the utility of WC as an essential anthropometric measure for predicting health risks.
Other studies confirm the association between WC, as a determinant of physical fitness and health, and metabolic function among children younger than 12 years, as well as its role in predicting myocardial infarction later in life [36] . Public health authorities could therefore use this insight to suggest efficient intervention strategies for reducing WC to reduce obesity-related diseases and resultant mortality and morbidity. Referring mainly to adults, Ford et al. offer four suggestions why WC is preferable to BMI:
(1) WC is more strongly associated with better prediction of cardiovascular disease, type 2 diabetes, metabolic disease, and all-cause mortality than BMI; (2) WC is a better predictor of medical costs than BMI; (3) WC is easier to measure; and (4) WC is more easily understood by the public [37] . Despite these apparent advantages, there is some disagreement regarding the usefulness of WC over BMI [38] .
SES
In Norwegian adults, SES inequalities in health have been more strongly associated with a high level of education than with income [27] . The present results reveal that children with low SES had higher WHtR values, and that WHtR decreased with higher SES. In an earlier Norwegian study, Kolle et al. [31] found that that girls from low SES groups had a greater increase in WC in the 5-year study period than girls from high SES groups. However, in Pakistan, Mushtaq et al. [39] found the opposite, that higher values of WC and obesity were correlated with higher SES/income and higher parental education. The reason for the discrepancy may be sociocultural [39] . The education level in Norway is generally high, with 29% of adults having a bachelor's degree and 13% having a master's degree or higher [40] . Of the parents in the current study who responded, 71% have a bachelor's degree or higher, and only 3% of responding parents have primary school as their highest level of education. If the non-responders are parents with lower education levels, this may influence the results, perhaps resulting in even larger differences.
WC
With the increasing frequency of health-related risk factors among children worldwide, national normative materials for WC should be established to enable continuous follow-up of the child population. The [30] . In comparison, the current study revealed somewhat lower BMI values in girls, while smaller differences were found for boys ( Figure 3) . As weight was equal in the two studies, the disparity in girls' BMI may be explained by higher values for height in 2015 (not shown). Analogous comparison also revealed higher values in the present study for WC and WHtR (Figure 3) . The large differences in WC and WHtR between the current study and Brannsether et al. are noteworthy, as they imply that children have considerably more centrally distributed body fat than before.
There may be both methodological and physiological reasons for this discrepancy. First, there may be age differences within each age group. However, this is unlikely as the current study used age divisions similar to those used by Brannsether et al. [30] . Second, WC was measured differently. The Brannsether study used the midway point between the lowest rib and the iliac crest while the present study measured at the level of the umbilicus, which implies that the widest circumference was chosen if this was located within 1 cm above or below the umbilicus. However, when comparing measurements of percent fat with Brannsether et al., who also used Tanita BIA, a similar increase was found. This suggests a consistency in the results despite slightly different measuring techniques [30] . However, the use of BIA gives rise to at least two other methodological challenges. The older study may have used an older technique to calculate fat percentage. In addition, BIA is sensitive to dehydration, which causes an increase in the body's electrical resistance, and may therefore underestimate fat-free mass and overestimate body fat [15] . Nevertheless, the simultaneous increase of both WC and body fat warrant for reliable WC results in the present study.
Demographic differences may also explain discrepancies, as the two samples are from different parts of Norway. Parental education level tends to be higher in South-East Norway, where this study was conducted, than in western Norway, where the Brannsether et al. study took place [40] . As high parental SES is associated with low WC, we would expect to find smaller WC than Brannsether et al. However, WC values are higher, indicating an increase in WC across the last decade. Brannsether et al. included 4-18-year-old children, with a response rate of 69%, or 1332 children, among children aged 6-12 years. Despite including fewer children, Brannsether et al. study response rate and overall number of children indicate comparable datasets. Moreover, except for parental education level, the demographic differences between children in eastern and western Norway are limited; hence, the samples are considered comparable. It is therefore likely that the present results give a good indication of an increase in central adiposity in children in Norway compared to earlier findings.
With the possible methodological limitations mentioned above being accounted for, WC appears to have increased, despite reports of a levelling off in weight and BMI [31, [45] [46] [47] . The present results indicate, worryingly, that although children today have the same weight, height, and BMI as children in [2003] [2004] [2005] [2006] , the distribution of fat may have shifted towards a more central location in the abdomen. Theoretically, this implies a shift towards less muscle mass and more fat mass.
Interestingly, no difference was found for WC; however, fat percentage was higher in girls (Figure 1 ). This suggests that the overall amount of fat is higher in girls; however, in girls, fat is distributed more evenly around the body, while in boys it is located mainly around the waist. One must bear in mind that the above-mentioned limitations may affect the BIA measurements.
WHtR
Despite the worldwide endorsement of both BMI and WC as primary tools for assessing adiposity, WC and WHtR are used less commonly than BMI in both research and clinical settings. WHtR has been recommended as the preferred measure of central obesity as it relates to increased mortality in adults, independent of BMI [48] . WHtR has been recommended for use in both sexes across age groups; values should not exceed 0.5 to be considered free from weightdependent health risk [42, 49] . The present results revealed that 14% of the children still have a WHtR of ≥ 0.50 (9% with WHtR > 0.50), and hence display central obesity, acknowledged as a significant risk factor for cardio-metabolic diseases [50] . These figures are slightly above previous findings elsewhere in other ethnic groups [39] . However, earlier findings in Norway (third grade pupils only) have shown a WHtR of 0.50 or higher for 6.5% and 8% of boys and girls, respectively [42] . The results for third grade in the present study were 12.6% for boys and 14.0% for girls. The results from the current data therefore speak to an increase in central obesity in the Norwegian child population.
The authors suggest that the present results be used as a reference material for Norwegian children in future studies focusing on children's central obesity. The results underline the necessity of regular follow-up of children's growth patterns using WC and WHtR. The current data partly contradict the suggestion that WHtR can be used independent of sex and age, as a significant decrease of values across age for girls was observed [39] . However, these data must be interpreted with caution as the main decrease occurred in the oldest age group, perhaps due to a limited number of participants. In addition, three age groups (6, 10, and 12-year-old children) showed significant differences between boys and girls, which is at odds with the findings of Mushtaq et al. [39] . The present results thus suggest that an age-related normative material should be considered when using WHtR in children. Wang and Wang also advise caution when comparing results based on different references, as differences exists for several ages and ethnic groups [51] .
Limitations
Any comparison between studies has proven difficult with regard to methodological issues and sample selection. In addition to the above-mentioned methodological challenges, the current data lack information about parental weight. Parental weight and BMI would to a greater extent reflect the link between SES and WC, as fatness, especially, has a strong genetic component. Hence, the link between SES and WC must be interpreted as association and not effect. Accordingly, there is no information about ethnicity in the present study. Although Norway is largely ethnically homogeneous, factors related to ethnic diversity may have affected the results.
Conclusion
The findings of the present study suggest that WC and WHtR may be appropriate tools for identifying central obesity in children, as well as being indicators of obesity. girls generally have a higher percentage of fat despite having WC equal to boys. The current results indicate higher values of WC and WHtR, as well as fat percentage, compared to findings in Norway from a decade ago, despite no change in weight, height, or BMI. Taking into account possible methodological differences between this and earlier studies, the authors conclude that a shift in fat storage to the abdomen may have occurred. The mean results presented may be used as a basis for future studies of children.
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